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\\ Abstract

--— --

Antares. a l~rge, ●xperimental laser fusion facility under con.:
struction at Los A!amos Nat fonal Laboratory in New Aexico, is con-
trolled bV a netwo.k of PDP-11 minicomputers and microprocessors.
The remote nodes of the Antares control network are based on an
LS1-l!/? microcomputer fnt-erfac~d to an S10 Bus. This ‘machine
interface” or “Ml” forms the Intelligent Process controller lcl-
cated directly adjacent to the many diverse laser subsystem de-
vices. The STD Bus, linked to the L51-1]/2 Microcomputer, Offer:
a stantiardlzed, cost ●ffective means for the development of the
speclal!zpd interface functions reQulied for the high energy laser
environment.

i.O ItiTR90UCTlCN

An~~re~. nam~d after the Brfqht red star:
In the constellation Scorpio. is a 9?,01)G,
souare foot experimental laser fusionl
facilitv unrl~r construction at Los Alamos~
Nat~onal Laboratory for the study of in-i
●rtisl co~f(n?ment fusion. Fusion is the
bazl: enPrGj source Of the universe in.
cludino thk sun and the stars. It occurs~
when two ltqht elements, subjected to ● x-1
trere h~at and Dressure, combfne to fermi
a $pav{er e!ement anC, in the process, i
release eneroy. In 1983, the 40 terrd-’
watt laser w~ll send ii 1 ns, 40 kc Dulse
of laser Cnergy to a tfnv (several tenths
0’ a Ml}llmoter diam?ter) glass m{cro.
ba!loon tarqet ccntalrin~ {Sotoa?s of I
hv,lroqe,l, tieut+r IIjm, and trltium. Th? I
target will be heated and compressed by’
24 bpar?. A fusion reaction w(I1 occur
and energy will be released, (The enerqy
●quivalent of 300 qallons of gasoltne j
could be produced bv reectina the natural ;
deuterlum in one gallon of water).

2.n BASIC ANTAR[5 LA5fFt OPrRATION

The Ddth of a sin~le beam through Antare$
is dpo!cted In f~aure 1.0. A low uncroy
BUISP a~nerated in an oscillator, Dre-.

amDll fled by a psir of co? laser am-;
plifiers. is nmDlifipd by an ●lectron. I
be?m-control led drfv?r amplif{er in Chel
Front End room on the lower level of An-
tares. Produced ar? two 90-,1 annular la-
ser henms With afi outs)~p d[ameter of ]5-
cm. Fach of the 90-J beams are d~rccttd

I
qjnr~ O* .Tormd unovr th ● auspices 0{
the U.S. Department of Energy, L.-

upuard from the lower-level front End
area through an LSI-11 microcomputer-
based alignment stat{on into the elec-
tron-h:~m controlled power bmplffier.
As It enturs the power ampllf!er, the 15
cm driver beam is split fnto ]2 sectors.
Ourfng the first ~ass through the power
ampltffer the 12 beams ex~and In ar?a by
a factor of 200 and are amollf!ed from Z’
to 250 J. The power amDlifier reflects
the beams for a second pass increasing
encrqy of each beam to 1670 J. Steering
of th~ beams throuqh both passes of th?
Dower amolif~er is accomplf$hcd by alion-
ment stat tons under th? control of the
Ants,-es :omDuter networ~.

The center of the oower amDlifier, the
●lcc:ron gun, gererates 12 beam sectors
with electron enerqy of 500 kilovn:ts and
currpnt density of 50 mAlcm~. The to-
tal discharge current of 800 kA for each
powe! amplifier is delivered bv four 300-
kJ Marx generators that produce an op~n
circuit voltage of 1.? MV. The simulta-
neous cnaralng and firing seau~nce of the
four Marl generators ts executed bv a
dedicated s?ctlon of the ~n[a~es cdotrol
nttwork under th~ suDerv{s ion of the
beamlint POP-11/60 minicomputer.

fOll@~frq the second pa!$ through the
pot -plifi?r, thp 1? sector, hfgh
●n~rg, jams Ieav? the lase- hall
pass tlh

and
uqh under~round ?vacuat?d beam

tubes on their way to the target build-
inq. fnterinQ a device call?d the turn-
ing chamber, the 12 beam sectors are
Iollt into J qroups of 4 benms each by
an array of microcomputer--contro lled
turning mirror!. Fnld!nq and focusing

v_
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Figure 1.0 Path of a SinCJ?e bemm througil Antarts.

mirr *S, also under microcomputer
trol,

cnn -
dl low th~ total of ?4 beams to

uniformly ~llun, ln ate the ffnal destin#-
tlon, the target,

3.0 AN TAPf S COMPU?[R N[7k ORK H!c RARc HY

OPerat~Cn of the Antares Laser fac!lity
is fu]lv automated, and controlled en-
tirelv from a central control area. The
Antares computer control network hier-
archy 1$ g?neralizpd in Figure ?,(), The
,PDP-]1/70, three of the four POP-;lf60’s,
a~d thr 9@P.11/34 are Ioc@ted in the cen-
tra~ coPtr31 ~fpa, One pDF-!l/60 iS sit-
uated on the low~r level of the fac{ljty
ir, thQ ~ront End control room. Lsl-]]l?
mlcrocomoutp.s a-e ons it toned throuqhc~.t
the ~ major sections of the last:
facility,

oAl

Figure 2.0 Anttrc; control s.v$tem network
hierarchy,
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Hardware network interconnections between
the leielS Of the hierarchy are imple-
mented with full-duplex fiber optic com- I
munications links.

The central, highest level computer in
the Antares comPuter network is a PDP-
11/70 minicomputer running under the UNIX ‘
operating system. This supervisory PoP- I
]1/70 provfdes Integrated control of the :
four POP-11/60 minicomputers located at :
the second level of the network bier- !
archy.

Imf!~ementation of the 4 PDp-l]/fjOis cor-
responds to the four major subsystems of
the lCISer facility: the Front-EnJ, Align- \
ment and Target, and each of the two main I
beamlines. Each of the four PDP-11/60’s I
Supervfse a qroup of LS1-]1/z bit micro- 1
computers whtch serve as the most remote :
nodes in th~ control network. The UN!X
operating system is also implemented on :
each of the PDP-11/60’s. The remote Lsl-
11/? microcomputers are downline loaded
wfth app~ication software written in the

C programming l~~quage. Dynamic, inte- I
aratet ooe?ation of the control network
;$ performed by TENNET, “a networking
packa?e developed !!..house by the Antares
software group.

4.0 TH[ REMOTE MACHINE INTERFACE (Ml)

Tl,e most remote node of the Anta~es com-
g;IJ;; network iS the LS1-11/? based m~-

interface
‘“’\i i,TWW’;lo::shown in Figure 3.0. “

to the particular laser subsystem dev}c~
it controls. The machine interface {S
divided into 2 major subsections: the
Comouter c’nd and the laser end. At the
“cmputer cnci is the 1S1-]]/? micro-com-
puter interfaced to a 3? slot sll~ Bus.
The LS1-11/2 m!crjcomputer configuration
is standard throughout Antares. F!ve
modules, the CCIU, mpmory, serial 1/0,

p~rallc) 1/0, and power-fafl make LID the
Anl,sr*s ‘un{ver$al ’” microcomputer, A ri

opt fondl Sixth module, a Ctmec Cr(Ite con-
troller intprface, is impleme~ted as re-.
Quireti, connection between the LSi-11/?
tnd th~ ST@ Bus i% mad? throuoh the ORV!I
qeneral purpose t)arallel interface, The
ORVll oerall?l interfac~ consi$ts of 16
14tchtn9 outputs (OROUTEIUF), 16 nonlatch-
inq TTL fnput$ fDRINBuF), and 6 TTL con-
trol/statu$ bits (CSR). The application
of these thr?e OP~ll registers for STD
Bus control j$ shown in F\gures 4,0, 4.1.”
and 4,?, I

1

t
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DR0UT8LIF, the OUt D,J; register of the
ORV?l Illustrated {n Ffa~re 4.0, ai lows
th? lS 1-])/? to tddress
to

ana nv~te data
the ST3 @us. ‘he !)IS!lC addressing,

scheme uses 8 bfts: 5 for the S10 module
address, nnci 3 for ttie pol.t ~d6ve~~es
within each mndu]e. Such an brracaement
ellows 32 S10 cards with 8 registers eech
to be artdrp$sed C\r@ctly, If each reg-
ister “s e bitt wide, contrnl for a total
of ?f)dS elcm~nts on a single STD BUS ~s
pos; fble (32 X L1 X 8).

DROUTBUF .Ilso contains the 8 bit u{de
data word for writing data to the 8 blt
STD ddta bus. Since DROUTBUF fs a read/
write register, both the address and data
written to the STD BUS by the DR VII can
be read back to the LS I-11/? by simple
Interrogation of the DRV1l register.

4.2. DRINBUF register.

DRINBUF, the parallel Input register of,-
the DRv II, is shown in Figure 4.].
DRINBu F permf~~ 16 Kft ~fde data ~ord~
to be read from the STD Bus in a single
operation. This aIIOWS STD modules with
10 or 12 bit an.sloa-to-digital converters
to be serviced with one parallel read
from the DRv1l.

L&l
MIA

mu awl

Figure 4.1 DRV1l ir,Dut buffer bit assignments
for the S10 Bus.

4.3 CSR register.

Figure 4,2 Illustrate; the implementa-
tion of the ORV1l control $tatl,s register
(CSR) on the STO Bus. Two bits of the
‘CSR register are utilized in the bre$ent
interface, Bit 00 permits read or write
operations on the STD Bus: O ■ Read, 1 w

‘UritC. Elt 01 allows tht btsic R bit STD
‘Bus addressing scheme to be expanded.
This hit iS interfaced to thp 10fXP* (1/0
,Expanslon) control line on the STO Bus
‘#llowinq a second grouD of 32 S10 modules
to be addressed by tle same DRV1l. Two

132 slot STD fill:,cdrd t’tcks are dalsy-
;chained in tppliCatlonS reaulrlnq more
‘than 3? slot~, Afldre$$ $e~ect ion of the

Ffgure 4.0 ORV1l output buff~r bit assignment
first or ~ccond Slfj Bus 1$ accomplished

for the STD Bus,
with the IOIXP* contro”l bit,
o

v —
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Figure 4.2 ‘bRVll control/status reglsterblt ~
assignments for the STD BUS.
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5.0 THE STD BUS

The Std BUS standardizes the mechan

I

ical,
and ‘electrical aspects of the Antares
con?.rol and instrumentation modules. The
basic mechanical dimensions for the STD
module are snown in Figur~ 5.0. The STD.
Bus moth~rboard approach allows any mod-
ule to ~perate in any slot: the mod~le~
address is set on-card and fs slot in-
dependent. Note that not all of the pfns.
available on the STD Bus are utilized in
the current STD/LSI-li interface. Figure
6.0 illustrates the actual fnterCOr,nec-
tion between the LS7-]! and the STD BuS.
The functional relationship of the LS’-I1
O-Bus and the STD Bus is shown in Figure
7.0.

S10
WS SID!

T
4.m

L
Figure 5.0 Basic STD Bus mechanical dimensions,

I
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ffgure 6.0 DRV1l to STD Bus interconnection :

Sc!vamc.

1s1”11

Q-BUS

STD
Bus

1

Figure 7,0 CJ-EUS ccntrol of the STD Bus.



fJ.o ANTARES STD BUS MODULES

All connectio~s b-tween the MI STD bds
modules and the Antares laser subsystem
devices are made with fiber optic tech-
nology. The severe EMI env+cGnment cre-
afed by operation of the Marx ~enerators

and the Antares Power Amplifiers re-
stricts the use of metal conductor con-,
trol connections. The bas?c function]
therefcre, of the Antares STD Bus mod-~
ules, is to transmit and receive some ;
type of signal at optical levels.

Uavelenqth of the trdnsm{tters and band-
width of the receivers depend uPO~ the
particular app?icatiofi. Trcnsm{tters
presently implemented include inrandes-
cert lam~s, L. E.D.’s, and laser diodes.
P-1-N dfodes and integrated photodiode-
predmDl {fi!?r-SChmitt detector c{rcujtS,

are typical receivers. The two general;

categories of Antares STO Bus modules arei
sh own In Figure 8.0.

Q.Bu5
1s1.11

FigLre 8,0 Two tasic categories of Antares
ST!) Bus modules.

The ftrs* categcry Inc; udes modules under
STD Bus control: those that communicate
with the LS I-11 throuah the DRV1l inter-
face. Cards that tmp lement relat{vgly
IOU speed binary and &nalog monitor-con-
trol functions are included in thi$ fir. $t

cateqory, 14iah 5De(!d fun Ctf OnS, such 8S
Camac waveform diqittzcr fiber opttc in-
terfaces, make UD the second category,
Both csteoeries reside in the ST:, BUS;
the $ecnnci cdtegory makes use the

pow?r connections onlv. Utilization of

the same standardized STO Bus mechanical
dimensions for the second category elim-

inates the need for an additional, spe-
cialized chassis with separate power
supplies, development guidelines, etc.
Even though the modules in the second
category do not use the STD Bus for ad-
dress, data, and control. thp s?a~Jard -
ized features of the STD BUS chassts
offer a convenient solution for Ioctit ion
of the interface functions.

6.1 AN ANTARES CATEGORY 1 STD BUS I
BfOOULE.

Figure 8.1 is a generalized block diagram
of an Antare$ jTD BUS module under STD
Bus control . The Illustration reDres@nts
a 1 Ow speed analog monitor interface
function.

A voltage divider network within an
Antares high voltage Marx generstor pro-
vides a UA current proportional to the O
to 60 kV Marx charge voltaqe. As the
Uarx gerler ator is charged, the NA refer-
ence current is converted at the laser
end to a O to 25.6 kHz square wave by a
Volta ge-to-lrequenc,v converter circuit.
The output of the converter circuit pro-
vides drive current for a fiber optic
transmitter. The optical vulse train
leaving the laser-end circuit travels
over a 10 meter fiber optic cable to the
comctuter-end STD BUS modul?. Here, a
fiber optic detector converts the optical
level signal to a TTL pulse tra it,. The
basic function of the computer-end S10
Bus module fs to serve as a frequency
counter: the O to 25.6 kH’ signal is
gated, counted, and stored in a contin-
uous manner. Ncw data is avai’ able to
the LS I-11/7 ViA the STO Bus at a rate
of 50 times per second. Four complete
charnels of this interface function ale
implemented on a single S10 BiJs module,

M 1(
m, “

n*M*(190

Figure 8,1 An example of Antar*s STD Bus
mdule, category 1.
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6.2 AN 4N7AREs cA7EGO~Y ? S7D Bus
MODULE .

figure 8.2 is d block diagram of an An-

tares STD Bus mndvle not under $?D BUS
control . The figure illustrates a h{gh.

speed analog monitor functfon.

I/hen the Antares Marx generators are d{ S-
chijrqed into the power amplifier, the

characteristics of the microsecond range
discharge w.+ve forms are relevant subsys-.
tern performance data. A transient -pro-.

tected f{ber optic L. E.D. transmitter
located within the Marx generator is.
pcwered Ey current from the signa~ it
monitors.
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F?gure !3,2 An examPle of Antares STO BUS
mocxle, category 2.

●

h’h?n the Marx generator discharges, the
L.E.D. launches light ioto a fiber ODtiC
cable at a level proportional to the ~n-

Qut Siqndl. The o~Doslte end of the

fiber i% connected to a hlgt, speed ana-

10Q monitor module located {n the STD ,

bus. The orima*y function of tne module
is to convert the oDtical level Oulse to I
an hfieloQ voltaQe. The converted DulSe :
iS then $e?,t directly to a waveform d{q~-
t{ze~ in an adJac~nt Camac cha$sf$. The

pulse waveform is d~q!ttzed and stored

by the Camac module. The 1S1-11/2 reads

the digtttzer by means of the Camac con-
troller interface module, In this ex- I

amol?. the 57D module Provides conversion;
Of a siqnal from opt{cdl levels to an8~09
vo:t8cse !evels. The only connection to

th~ s70 flus f$ for OC Power requirements.
The STD Bus provides ii mOdula~ aPrroach
towards the lmplemen:.~t {on of this il(ter-

—
7.0 SUMU.MY

Antares, a laser fusfor, facil!ty under
construction at Los Alamos N&tiond~ Lab-
oratory, provides a challenging environ-
ment in which to apply a computer-based
control network. The specialized re-.
qu~rements of the many d$verse laser sub-
systems necessitates a modula? , building-
block approach for instrumentation and
control functions. The STD Bus offers a
well defined, Standardized set of mech--
anical and electrica~ specifications.
Engineering and development of special-
ized interface functions is facilitated
by the standard framework within which
to work.
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